Objectives: Delayed initiation of appropriate antimicrobials is linked to higher sepsis mortality. We investigated interphysician variation in septic patients' door-to-antimicrobial time. Design: Retrospective cohort study. Setting: Emergency department of an academic medical center. Subjects: Adult patients treated with antimicrobials in the emergency department between 2009 and 2015 for fluid-refractory severe sepsis or septic shock. Patients who were transferred, received antimicrobials prior to emergency department arrival, or were treated by an attending physician who cared for less than five study patients were excluded. Interventions: None. Measurements and Main Results: We employed multivariable linear regression to evaluate the association between treating attending physician and door-to-antimicrobial time after adjustment for illness severity (Acute Physiology and Chronic Health Evaluation II score), patient age, prehospital or arrival hypotension, admission from a long-term care facility, mode of arrival, weekend or nighttime admission, source of infection, and trainee involvement in care. Among 421 eligible patients, 74% received antimicrobials within 3 hours of emergency department arrival. After covariate adjustment, attending physicians' (n = 40) median door-to-antimicrobial times varied significantly, ranging from 71 to 359 minutes (p = 0.002). The percentage of each physician's patients whose antimicrobials began within 3 hours of emergency department arrival ranged from 0% to 100%. Overall, 12% of variability in antimicrobial timing was explained by the attending physician compared with 4% attributable to illness severity as measured by the Acute Physiology and Chronic Health Evaluation II score (p < 0.001). Some but not all physicians started antimicrobials later for patients who were normotensive on presentation (p = 0.017) or who had a source of infection other than pneumonia (p = 0.006). The adjusted odds of in-hospital mortality increased by 20% for each 1 hour increase in door-toantimicrobial time (p = 0.046). Conclusions: Among patients with severe sepsis or septic shock receiving antimicrobials in the emergency department, door-to-antimicrobial times varied five-fold among treating physicians. Given the association between antimicrobial delay and mortality, interventions to reduce physician variation in antimicrobial initiation are likely indicated. (Crit Care Med 2017; 45:1011-1018 
identification and aggressive management of sepsis, including prompt administration of appropriate antimicrobials (7, 8) , improve patient outcomes (9) (10) (11) .
Sepsis care quality metrics and guidelines consequently emphasize early antimicrobials. The recent Centers for Medicare and Medicaid sepsis core measure, for instance, mandates antimicrobial initiation within 3 hours. The Surviving Sepsis Campaign guidelines similarly specified a 3-hour ceiling for antimicrobial initiation and, while recommending an even more aggressive 1-hour goal, also described a lack of data supporting the feasibility of this target (12) . Patient and hospital factors influencing antimicrobial timing include nontypical clinical presentation (13) (14) (15) (16) , sepsis developing after admission (15) , patient sex (17) , arrival by ambulance (18, 19) , diagnostic testing delays (16, 20) , computerized physician order entry (21) , teaching hospital status (15) , emergency department (ED) crowding (22) , and ED boarding (23) . Although physicians vary in their management of otherwise-similar patients with sepsis (24, 25) , the extent to which physicians' practice patterns influence antimicrobial timing in patients presenting to the ED with sepsis has not been previously investigated.
We therefore evaluated attending physician variation in antimicrobial timing in a cohort of patients with severe sepsis or septic shock treated with antimicrobials in an academic ED and explored whether the presence of hypotension by ED arrival modified physicians' antimicrobial treatment behavior.
MATERIALS AND METHODS
We conducted a retrospective cohort study of adult patients presenting to the ED of a university-operated public hospital in Seattle, WA between June 2009 and February 2015. Patients were included if severe sepsis or septic shock prompted ED attending physicians to activate the hospital's sepsis alert protocol. Criteria for activation of this protocol, which triggers bedside consultation by intensive care clinicians and nurses, included suspected infection plus hypoperfusion (mean arterial pressure < 65 mm Hg, systolic blood pressure < 90 mm Hg, and/or lactate > 4 mmol/L) despite fluid resuscitation (30 mL/kg of crystalloid). The sepsis alert protocol could also be activated based on ED physician judgment. To ensure patients manifested sufficient evidence of infection during their ED stay to prompt an ED physician to initiate antimicrobials, we excluded patients who did not receive antimicrobials while in the ED (for a list of eligible antimicrobials, see Table S1 , Supplemental Digital Content 1, http://links.lww.com/CCM/C580). We excluded patients transferred from another acute care hospital or who received antimicrobials prior to hospital arrival. To provide adequate power for evaluation of individual physician prescribing behaviors, we included only patients who received care from an attending physician who treated at least four other eligible patients. Of note, all data collection and primary data analysis occurred prior to development and publication of new consensus criteria for sepsis and septic shock in early 2016 (1) . The University of Washington Institutional Review Board approved the study with a waiver of informed consent.
The time from ED registration to antimicrobial initiation, laboratory results, and patient demographics were obtained from the electronic medical record. Antimicrobial administration times were verified by manual abstraction if missing or potentially erroneous (recorded as occurring prior to ED arrival, > 90 min after sepsis protocol activation, or > 6 hr after ED arrival). The Charlson comorbidity index was calculated from discharge diagnoses as previously described (26) . Trained nurse and physician abstractors obtained information on comorbidities and patient classification for the Acute Physiology and Chronic Health Evaluation II (APACHE II) score (27) , prehospital clinical characteristics and care, and initial ED vital signs and interventions by manual review the electronic medical record and scanned article documentation. A random sample of records (6%) was reviewed by a second, blinded abstractor, with near-perfect interrater agreement (28) as measured by APACHE II patient classification κ 0.91 (95% CI, 0.80-1.00), initial prehospital systolic blood pressure κ 0.87 (95% CI, 0.78-0.92), and complete agreement between manually abstracted antimicrobial initiation times. Information on physician training and experience was obtained from publicly available data.
Hypotension was defined as systolic blood pressure less than 90 mm Hg or mean arterial pressure less than 65 mm Hg prior to or at the time of ED arrival. Severe sepsis and septic shock were defined according to then-current consensus criteria (12) . Weekend arrivals occurred between midnight on Saturday morning and 11:59 pm Sunday. Nighttime admission was 11 pm to 8 am daily. Long-term care residents included patients admitted from a long-term acute care hospital, skilled nursing facility, or rehabilitation facility.
Bivariate analyses of continuous variables used unpaired t tests with unequal variance or Mann-Whitney U tests as appropriate. Categorical variables were compared using the chi-square test or Fisher exact test. We employed multivariable linear or logistic regression with Huber-White sandwich estimators to evaluate the association between the primary outcome, time from ED arrival, and individual attending physicians, entered into the model using indicator variables. The model was adjusted for potential confounding and precision variables, which were specified a priori and included off hours admission, hypotension on or prior to ED arrival, source of admission, source of infection, age, APACHE II score, prehospital ambulance care, and involvement of a trainee in the patient's care. We quantified the variation in antimicrobial timing explained by the attending physician and model covariates by comparing the full model ' We also evaluated the association between door-to-antimicrobial time and mortality. For this analysis, we used a best subsets leaps-and-bounds algorithm to test all possible combinations of candidate variables for inclusion in a multivariable logistic regression model evaluating predictors of in-hospital mortality (29) . Candidate predictors were door-to-antimicrobial time, APACHE II score, Charlson comorbidity score, initial lactate, vasopressor use in the ED, source of admission, source of infection, and hypotension on or prior to ED arrival. We maintained a 10:1 ratio of outcome events to candidate predictors (30) . The Akaike information criterion, which balances the improved model fit from predictor inclusion against the increased risk of overfitting, was used to select the final model (31) . We evaluated the final model using the Hosmer-Lemeshow goodness-of-fit test, where a p value of less than 0.1 indicates inadequate fit (32) . We performed several sensitivity analyses. We repeated the primary analysis including only attending physicians treating greater than or equal to 10 eligible patients to assess for decreased physician variation with larger per-physician samples and after excluding the physician with the longest median door-to-antimicrobial time. Next, we tested restricting the cohort to patients with hypotension at or prior to ED arrival or patients who met severe sepsis or septic shock criteria. Third, we tested the effect of redefining the cohort by antimicrobial initiation within 3, 6, or 12 hours of ED arrival rather than antimicrobial initiation in the ED. Fourth, to evaluate the possibility that late sepsis presentations in patients spending more time in the ED drove the observed association, we repeated the primary analysis with additional adjustment for ED length of stay. Finally, in an exploratory sensitivity analysis, we evaluated whether adjusting for a potential surrogate for delayed sepsis recognition-the door-to-sepsis alert time, dichotomized at its median value (≤ 141 vs > 141 min)-influenced our findings. As in the primary analysis, subjects were excluded from each of these sensitivity analyses unless treated by an attending physician who cared for at least four other patients meeting the analysis inclusion criteria. Analyses were performed using Stata version 14.1 (StataCorp LP, College Station, TX). A p value of less than 0.05 was considered significant.
RESULTS
Among 421 eligible patients with fluid-refractory severe sepsis or septic shock in the ED (for patient enrollment flow diagram, see Fig. S1 , Supplemental Digital Content 2, http://links.lww. com/CCM/C581), the 313 patients (74%) who received antimicrobials within 180 minutes of ED arrival were sicker, spent less time in the ED, and were more likely to receive prehospital care and to have a trainee participate in their care ( Table 1) . Hospital mortality was 18% (n = 78). The 40 attending physicians who cared for five or more eligible patients had a mean 10.5 years of experience and cared for a median 10 (interquartile range [IQR], 6-12) patient subjects. Nearly all physicians (94%) were board certified in emergency medicine.
Overall, median time from patient ED arrival to antimicrobial initiation was 118 minutes (IQR, 82-185 min) (for density plot of time to antimicrobials, see com/CCM/C582). By physician, median antimicrobial times ranged from 71 to 359 minutes (Fig. 1) . Subjects' time to antimicrobial administration varied significantly by attending physician (p = 0.002), and mean antimicrobial times remained significantly different between physicians in the first versus third or fourth quartiles after adjustment (p < 0.001 for both comparisons) ( Table 2 ). The attending physician accounted for 12% of overall subject-level variability in antimicrobial timing (35% of variability explained by the model overall) compared with 4% attributable to illness severity as measured by the APACHE II score (Table 2) . Physicians' years of experience were not associated with physician-level antimicrobial timing (p = 0.66).
The adjusted percentage of each physician's patients who received antimicrobials within 1, 2, or 3 hours of ED admission is shown in Figure 2 . Overall, 6.2% of patients received antimicrobials within 1 hour (physician range, 0-33%), 35% within 2 hours (physician range, 0-89%), and 71% within 3 hours (physician range, 0-100%).
After restricting the analysis to the 21 physicians caring for at least 10 study subjects (n = 297 patients), physicians' adjusted median time to antimicrobials ranged from 84 to 222 minutes (p = 0.079). The remaining sensitivity analyses-which 1) included only patients with hypotension on or before ED arrival; 2) included only patients meeting formal severe sepsis or septic shock criteria; 3) excluded the potential influential outlier physician; 4) adjusted for ED length of stay; 5) redefined the study cohort by antimicrobials initiation within 3, 6, or 12 hours of ED admission; and 6) added door-to-sepsis alert time to the primary model-all yielded results similar to the primary analysis, including significant between-physician variation in door-to-antimicrobial time (for sensitivity analyses of physician variation in door-toantimicrobial time, see variation between physician quartiles was somewhat smaller but still statistically significant after adjustment for door-tosepsis alert time (data not shown).
The final model for in-hospital mortality included door-toantimicrobial time, APACHE II score, Charlson comorbidity score, vasopressor use in the ED, initial lactate, and hypotension present at or before ED admission (for multivariable logistic regression for in-hospital mortality, see Table S2 , Supplemental Digital Content 6, http://links.lww.com/CCM/ C585). The odds of in-hospital death increased by 20% for each 1 hour increase in door-to-antimicrobial time (odds ratio, 1.20; 95% CI, 1.00-1.44; p = 0.046).
In an exploratory analysis, we evaluated factors associated with physician variation (for interaction between doorto-antimicrobial predictors and physician, see Table S3 , Supplemental Digital Content 7, http://links.lww.com/CCM/ C586). Although adjusted door-to-antimicrobial times were shorter for patients with hypotension present by admission or pneumonia as the source of infection, the absence of hypotension or pneumonia influenced physicians differently (p = 0.017 and p = 0.006 for interaction between physician and hypotension status or infection source, respectively). Some physicians treated patients equally quickly regardless of hypotension or source of infection and others provided antimicrobials more slowly to patients without hypotension or pneumonia (Fig. 3) . The effect on door-to-antimicrobial time of age, illness severity, nighttime or weekend admission, comorbidities, initial temperature, and initial lactate did not vary among physicians.
DISCUSSION
Among patients receiving antimicrobials in the ED for fluidrefractory severe sepsis or septic shock, we identified five-fold variation in adjusted door-to-antimicrobial time dependent on which physician cared for the patient. Physician adherence to federal quality standards and international guidelines for prompt antimicrobial treatment varied between 0% and 100%. Physician practice pattern explained three times more variation in antimicrobial timing than any other predictor. A subset of physicians exhibited slower door-to-antimicrobial times when the patient's initial blood pressure remained normal or the source of infection was not pneumonia. Delayed antimicrobials were associated with higher adjusted mortality.
Unwarranted practice variation between regions and hospitals influences care costs and quality for many disease processes (33, 34) . How physician practice patterns create this variation, however, is only beginning to be understood, especially for sepsis. While the top 25% of physicians in our study met 3-hour antimicrobial goals for at least 90% of their patients, we found that 30% of physicians met these goals for 50% or less of their patients.
Our data suggest that, even in an institution where overall doorto-antimicrobial performance compares well with published experience (8, 35, 36) , physician practice style is an important determinant of timely antimicrobial initiation. Antimicrobial administration in the ED depends heavily on both cognitive and practical actions by the physician (37) . As a prerequisite to prompt antimicrobial initiation, the physician must believe that timely appropriate antimicrobials influence outcomes and must prioritize antimicrobial initiation (38) . For each individual patient, the physician then must assign the patient's illness severity and pretest infection probability, update these assessments as new data become available, determine that the product of these appraisals exceeds his or her action threshold for antimicrobial initiation, follow through on the decision to order antimicrobials, and ensure the order is executed in a timely fashion (39) . Differing approaches to one or more component processes may explain the variability we observed in antimicrobial timing.
In prior studies, patients with nontypical sepsis presentations exhibited longer door-to-antimicrobial times (13) (14) (15) . We found, however, that only a subset of physicians initiated antimicrobials more slowly when confronted with an infection other than pneumonia. Physicians also reacted differently to illness severity, with some but not all physicians starting antimicrobials later when the patient presented without hypotension. Adjusting for the interval from ED arrival to sepsis alert activation as a potential surrogate for the timeliness of sepsis recognition nonsignificantly decreased measured physician variation, likely due to these two variables' collinearity. These findings may suggest that some physicians employ heuristics-cognitive shortcuts for decision-making based on pattern recognition-for sepsis recognition and prioritization that are less likely to be derailed by nontypical or less severe presentations or that these physicians do a better job of "debiasing" their clinical decisions in these circumstances (40) . Previous studies also linked sepsis practice habits to physician characteristics, including training type and sex (24, 25, 41, 42) . We found no significant association between antimicrobial initiation patterns and physician experience, but our study was not powered for this analysis. Future studies should investigate further the causes of physician variation in door-to-antimicrobial time.
Strengths of this study include a well-characterized cohort of patients with severe sepsis or septic shock. By restricting our study to patients who received antimicrobials in the ED, we studied physicians' treatment patterns on a level playing field (i.e., for patients with severe sepsis or septic shock evident prior to ED discharge). We also accounted carefully for known and plausible confounding factors. One limitation of our study was the inability to compare patient's initial antimicrobials against culture results or the final diagnosis. As a result, we could not determine whether "early treatment" physicians more often gave antimicrobials to patients ultimately determined not to have infection or were more likely to select inadequate antimicrobials. These are important considerations, as inadequate antimicrobials worsen outcome and unnecessary antimicrobials may increase antimicrobial resistance or delay accurate diagnosis of noninfectious etiologies (43, 44) . These issues should be addressed in future studies. A study of pneumonia triage decisions in the ED, however, did not show a clear association between physicians' hospital admission rates and their likelihood to undertriage or overtriage individual patients (45) . Since all patients in our study ultimately received antimicrobials for sepsis in the ED, furthermore, guidelines and practicality suggest earlier initiation was preferable to late initiation.
Our study has several additional limitations. Most importantly, we were unable to fully characterize the reasons for physician variation in door-to-antimicrobial time. Further research, likely employing mixed methods, will be required to determine whether physician characteristics (such as sex or training type) influence treatment behaviors and to fully understand how some physicians avoid antimicrobial delay when patient presentation is nontypical. We were also unable to investigate how physician variation in processes of care leading up to antimicrobial initiation-such as laboratory ordering or result review-correlated with variations in door-to-antimicrobial time. We cannot exclude residual confounding, but the strength and magnitude of the association between physician and antimicrobial timing suggests any missing confounders would not undo our findings. We could not evaluate physicians' antimicrobial initiation patterns among septic patients for whom the physician did not activate the hospital's sepsis alert protocol. The sensitivity analysis focusing on physicians who saw a greater number of patients did not reach statistical significance but included a small number of physicians and patients. Since sepsis alerts were designed to facilitate sepsis bundle implementation and intensive care transfer for fluidrefractory sepsis rather than initial diagnosis and treatment, door-to-alert time was likely an imperfect surrogate for delayed sepsis recognition. Finally, we used data from a single academic ED and focused on patients with fluid-refractory sepsis and septic shock. The similarities in overall door-to-antimicrobial time distributions reported here compared with other centers (8, 35) and the Surviving Sepsis Campaign (36) do suggest that the practice patterns we found are not unique to our ED, but future studies should evaluate our findings' generalizability to differently organized EDs (including community EDs), other clinical settings (including patients developing sepsis after hospital admission), and to less severely ill patients.
CONCLUSIONS
Door-to-antimicrobial time varied significantly among physicians treating patients presenting to the ED with fluidrefractory severe sepsis or septic shock. Delayed antimicrobial initiation was associated with increased risk-adjusted mortality. Some, but not all, physicians initiated antimicrobials later if patients remained normotensive on ED arrival or did not have pneumonia. If confirmed, these data suggest interventions targeting physician variation in antimicrobial initiation may improve sepsis care and outcomes.
